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POTENTIATED MEPIQUAT 

PLANT GROWTH REGULATOR COMPOSITIONS 
5 Description 

The present invention relates to mepiquat plant growth regulator 
compositions and to the use thereof. More specifically, it rela- 
tes to formulations of mepiquat in combination with a boron po- 
10 tentiator and to methods of plant growth regulation, particularly 
cotton plant growth regulation. 

Plant growth regulators (PGRs) affect the physiology of plant 
growth and influence the natural rhythm of plant development. 
15 More specifically, various PGRs can, for example, reduce plant 
height, stimulate seed germination, induce flowering, darken leaf 
coloring, minimize lodging of cereals, change the rate of plant 
growth, and modify the timing and efficiency of fruiting. 

20 PGRs are recognized as an essential tool in modern cotton produc- 
tion. Mepiquat, i.e., the quaternary ammonium salt of N,N-dime- 
thylpiperidinium, the first widely accepted PGR for cotton 
plants, is typically applied to cotton plants in the form of its 
chloride salt, i.e., mepiquat chloride, by foliar application. 

25 PGR compositions containing mepiquat chloride were first introdu- 
ced into commerce by BASF AG, (Germany) , nearly two decades ago 
under the trademark, PIX(S>, and have since achieved widespread re- 
cognition, use and commercial success. Indeed, PIX® was named as 
the "Product of the Decade" by Cotton Farming Magazine, Reader's 

30 Poll, for the years 1980-1990. Currently, the combined sales 
worldwide of PIX® and competitive, generic PGR compositions con- 
taining mepiquat chloride, exceed 50 million dollars annually. 
See. for example, Khafaga, Angew. Botanik 57 , 257-265 (1983); Sa- 
wan et al., J. Agronomy & Plant Science, 154, 120-128 (1985); 

35 Ray, Deciphering PGRs, Cotton Farming, June 1997 , 18-20; Cotton 
Production, 1995 Delta Agricultural Digest, 22-24, (published by 
Argus Agronomics, a division of Argus, Inc.); and U.S. Pat. Nos. 
3,905,798 and 4,447,255. 

40 The most visible effect of mepiquat chloride PGRs on cotton 

plants is the reduction of overall plant height, reduction of the 
distance between nodes, and reduction of plant width* In turn, 
light penetration to the lower leaves of the plant is enhanced, 
promoting lower boll retention. Mepiquat chloride cam also lead 

45 to a number of other significant commercial benefits for the cot- 
ton producer. Cotton, like many other perennial crops, tends to 
partition excessive resources to leaf and stem production, when 
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properly applied, mepiquat chloride can redirect the plant's re- 
sources toward reproductive growth, i.e., growth of bolls. 

The specific benefits achieved by use of mepiquat chloride in 
5 cotton production depend upon many factors including the species 
of cotton, environmental conditions, the geographical area, and 
the climatology or weather conditions of the area during the par- 
ticular growing season. In the nearly two decades of experience 
using mepiquat chloride as a PGR in cotton production, a great 

10 deal has been learned as to its most effective application. Cur- 
rently, it is generally understood that the most beneficial use 
of mepiquat chloride PGRs is achieved by application of mepiquat 
chloride in coordination with good cotton crop management prac- 
tice, in which mepiquat chloride application is varied according 

15 to the various factors of plant species, weather, climate, geo- 
graphic location, and like considerations. 

When cotton is well-managed and mepiquat chloride is applied ac- 
cording to label directions, various benefits have been consi- 

20 stently obtained. These benefits include better retention of 
early cotton bolls, which in turn increases the quantity of ma- 
ture cotton bolls at harvest, A related benefit that is often 
achieved by use of mepiquat chloride PGRs is an increase in the 
weight of harvestable bolls. Another highly desirable benefit 

25 that is often achieved by using mepiquat chloride PGRs is "easi- 
ness" of boll opening. 

Earliness can allow the cotton to be harvested 3-12 days earlier 
than untreated cotton plants. A week earlier harvest can be of 

30 great economic importance in many areas because this allows har- 
vesting of the cotton before fall rains and before the hours per 
day available for harvest diminishes. Earliness is also impor- 
tant because once a boll is open, the quantity and/or quality of 
the lint decreases due to weathering. It has been reported based 

35 on a series of studies that harvesting of cotton will typically 
cover a span of about 30 calendar days allowing for brief inter- 
ruptions by rain. However, a delay in the beginning of harve- 
sting by just one week results in the strong possibility that the 
30-day working period will spread out to almost 60 days because 

40 the chances for rain increase sharply during the later stages of 
harvest season, in turn, cotton weight and quality decrease du- 
ring the entire harvest period. 

In addition to PGR application, proper management of cotton crops 
45 typically includes a fertilization program, in cotton produc- 
tion, nitrogen and often other nutrients are needed in varying 
amounts for different soils and conditions. Commonly used ferti- 
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lizers in cotton crop production include nitrogen, phosphate, po- 
tassium, and boron fertilizers. These are commonly applied ei 
ther to the soil or as a foliar application. 

5 For example, foliar applications of boron have been recommended 
for preventing stunted plant growth, and for improving fruit in- 
itiation and boll retention in cotton plants. To achieve this. 

l8 i a ? plied to the cotton * lant b V ^liar application at nu- 
tritional levels of 0.1 to 0.2 pounds (calculated based on ele- 

10 mental boron) per acre of cropland, at weekly intervals, for 
three to six applications beginning at the 8-leaf stage or when 
cotton begins to square. Elemental boron is normally supplied in 
the form of a boron salt, for example SOLUBOR® (U.S. Borax Co ) 
wnich supplies boron in the form of disodium octaborate tetrahy- 

15 drate. The latter comprises 20.5 wt.% elemental boron and is 
tnus applied at a rate of 0.5 to 1.0 pounds of product per acre 
to deliver 0.1 to 0.2 pounds of elemental boron per acre. Boron 
can also be supplied by Borax, which comprises 11 wt.% elemental 
boron, by boric acid in the case of alkaline soils, or by other 

20 agriculturally acceptable boron compositions. 

Similarly, multi -component fertilizers that are used or recommen- 
ced for use in cotton plants may, in some cases, contain very low 
levels of trace elements and micronutrients such as boron com- 

25 positions for promoting uptake and/or use of the fertilizer by 
the cotton plant. Although not specifically recommended for use 
on cotton plants, BASfoliar™ (BASF AG) liquid is believed to be 
representative of such fertilizers. BASfoliar™ contains 0.3g/l 
elemental boron and is recommended to be applied at rates which 

30 supply .37 to 1.38 grams of elemental boron per acre in hydraulic 
(aqueous) sprays. In those instances in which cotton growers ap- 
ply fertilizers and/or other nutrients such as boron by foliar 
application, the grower sometimes includes the fertilizer or nu- 
trient as an additive in a mepiquat chloride formulation. Accor- 

35 dingly, the fertilizer or nutrient is applied to cotton plants in 
such instances as a component of the aqueous solution containing 
mepiquat chloride. 

It is generally understood in the PGR art that efficacy of va- 
40 rious PGR compositions can be enhanced by the addition of certain 
agriculturally acceptable potentiator additives. However, alt- 
hough various micronutrients, nutrients and fertilizers have been 
applied by foliar application to cotton plants in combination 
with mepiquat chloride PGRs, available studies evaluating such 
45 mixtures have identified no significant positive impact on mepi- 
quat chloride efficacy as a result of such additives. Indeed, 
one recent study that evaluated the impact of high fertilization 
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rates of nitrogen fertilizer together with foliar application of 
mepiquat chloride at various concentrations, with or without the 
addition of 0.22 kg boron/ha. concluded that the combined effects 
of boron and mepiquat chloride tended to be antagonistic because 
5 the addition of boron to the foliar mepiquat chloride formulation 
usually increased the height of the plants compared to applica- 
tion of mepiquat chloride alone, although a tendency toward in- 
creased yields was also associated with boron. See McConnell et 
ml., Response of Cotton to Nitrogen Fertilization and Early Mul- 
10 tiple Applications of Mepiquat Chloride, J. Plant Nutrition 15 
(4) 457-68 (1992). 

in view of the significant benefits and widespread commercial 
success of mepiquat chloride PGR compositions, there has been 

15 substantial research directed to identifying agriculturally ac- 
ceptable adjuvants, potentiators and the like that can be applied 
to cotton plants in combination with mepiquat chloride to enhance 
the beneficial PGR properties thereof. However despite commer- 
cial interest and substantial research to identify formulations 

20 that provide improved effectiveness of mepiquat chloride, no for- 
mulation has been introduced into commerce that meets regulatory 
restrictions for protecting the environment and which also has 
been demonstrated to improve the efficacy of mepiquat chloride in 
actual conditions of use. Accordingly, no such formulations are 

25 currently available to the cotton growing industry. 

The present invention provides potentiated mepiquat PGR formula- 
tions for treating cotton that are capable of providing enhanced 
mepiquat PGR efficacy. When properly applied to cotton plants 
30 under appropriate growing conditions, the potentiated mepiquat 
formulations of the invention can enhance earliness of boll ope- 
ning and/or improve lint yield as compared to conventional mepi- 
quat chloride PGRs. 

35 Potentiated mepiquat PGR formulations for treatment of cotton ac- 
cording to the invention comprise an agriculturally acceptable 
mepiquat salt, preferably mepiquat chloride, in combination with 
an agriculturally acceptable, water soluble boron salt. The 
quantity of boron in the formulation provides a boron application 

40 rate that is below the minimum rate at which boron is delivered 
to cotton plants by foliar application of boron fertilisers, but 
that is above the rate at which boron is delivered to cotton 
plants by foliar application of mul ti -component fertilizers which 
include a boron micronutrient component. Nevertheless, when used 

45 in combination with mepiquat in accord with the present inven- 
tion, these quantities of boron can enhance the plant growth re- 
gulating efficacy of the mepiquat chloride PGR to provide earlier 
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boll opening; more vigorous, yet controlled, plant development ; 
and/or improved lint yields. 

The potentiated mepiquat PGR formulations of the invention inc- 
5 lude sufficient quantities of the water soluble boron salt to 
provide a boron application rate of from about 1.5 grams per acre 
to less than 45 grams per acre (calculated based on elemental bo- 
ron) . Preferably, the potentiated mepiquat formulations of the 
invention contain a sufficient quantity of the water soluble bo- 

10 ron salt to provide a boron application rate of from about 2 

grams per acre up to about 40 grams per acre (based on elemental 
boron) . Currently preferred potentiated mepiquat compositions of 
the invention include sufficient quantities of the water soluble 
boron salt to provide an elemental boron application rate of from 

15 3 to 25 grams per acre. 

Advantageously, the potentiated mepiquat PGR formulations of the 
invention comprise a weight ratio of mepiquat to boron (calcula- 
ted based on the mepiquat cation and elemental boron) of from 

20 14:1 to 1:45, preferably from about 5:1 to about 1:20, more pre- 
ferably between about 2:1 and about 1:10. Preferred potentiated 
mepiquat compositions of the invention contain mepiquat in the 
form of its chloride salt, i.e., mepiquat chloride, in combina- 
tion with a liquid agriculturally acceptable carrier, preferably 

25 water, although solid agriculturally acceptable carriers can al- 
ternatively be used. Advantageously, the potentiated mepiquat 
PGR formulations of the invention are provided in the form of a 
concentrate in a sealed package, e.g., a bottle, carton, or pouch 
package. in such embodiments of the invention, the package bears 

30 instructions specifying an application rate for the formulation 
such that the water soluble boron salt is applied at less than 45 
g/acre, based on elemental boron. in one preferred embodiment, 
the concentrate formulation comprises the mepiquat chloride /boron 
mixture as an aqueous solution in which the mepiquat chloride is 

35 present in an amount of from about 4 wt.% to about 5 wt.% (calcu- 
lated based on mepiquat chloride) and the water soluble boron 
salt in the aqueous solution is disodium octaborate tetrahydrate, 
which is present in an amount of between about 1 and about 15 
wt.% (calculated based on the actual weight of the complete boron 

40 salt) . 

The potentiated mepiquat PGR formulations of the invention are 
particularly desirable agricultural formulations because the ac- 
tive ingredients have long been used to treat cotton plants and 
45 thus, no new active ingredient is introduced into the environment 
or into the cotton crop, indeed, the quantity of mepiquat ap- 
plied to cotton by formulations of the invention is comparable 
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to, or generally the same as applied by conventional mepiquat PGR 
formulations, while the quantity of boron applied to cotton is in 
the range below quantities applied by conventional boron fertili- 
zer treatments and above quantities applied by boron micronu- 
5 trient components of other fertilizers. Nevertheless, the bene- 
fits provided by the formulations of the invention are substan- 
tial, in particular, the enhanced earliness of boll opening that 
can be achieved by formulations of the invention is a long 
sought-after property in cotton PGR formulations because of the 
10 resulting economic benefits to the cotton producer. 

In the following detailed description, preferred embodiments of 
the invention are discussed in detail to enable practice of the 
invention. It will be apparent that although specific terms are 

15 used to describe the preferred embodiments, these are used in the 
descriptive sense and not for the purpose of limiting the inven- 
tion thereto. It will also be apparent that the invention is su- 
sceptible to numerous changes and may be embodied in many diffe- 
rent forms other than the preferred embodiment specifically des- 

2 0 cribed below as will become apparent from a consideration of the 
invention as described in the foregoing and hereinafter. 

The potentiated mepiquat formulations of the invention are based 
on the combination of a mepiquat salt, i.e., a quaternary ammo- 

25 mum salt of N. N-dimethylpi P eridinium, and an agriculturally ac- 
ceptable water soluble boron salt. The quaternary ammonium mepi- 
quat salt used to form the composition of the invention is prefe- 
rably a mepiquat halide salt, most preferably mepiquat chloride 
These compositions are disclosed in detail in U.S. Patent No. 

30 4,447.255 issued May 8. 1984 to Schott et al . ; and in U.S. Patent 
No. 3,905.798. issued September 16. 1975 to Zeeh et al.,- which 
are incorporated herein by reference. Mepiquat chloride is com- 
PIX® lally aVallable from BASF ^Poration under the trademark, 

35 

The agriculturally acceptable water soluble boron salts that are 
used to prepare the formulations of the invention include any of 
various water soluble boron salts which are capable of providing 
elemental boron to a plant when applied by foliar application. 

40 As used herein, the term "agriculturally acceptable" includes 
agricultural, industrial and residential uses which are compati- 
ble with plants. Numerous agriculturally acceptable water solu- 
ble boron salts are well known in the art including, boric oxide, 
sodium borate, sodium metaborate, polyborates, boric acid, borax, 

45 borax decahydrate, sodium borate, borax pentahydrate, and the 
like, one currently preferred boron salt is disodium octaborate 
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tetrahydrate which is commercially available as SOLOBOR® from 
U.S. Borax, Valencia, CA. 

The mepiquat salt and the water soluble boron salt are provided 
5 at a molar ratio of mepiquat to boron (calculated based on the 
mepiquat cation and elemental boron) of from 14:1 to 1:45, prefe- 
rably from about 5:1 to about 1:20, more preferably from about 
2:1 to about 1:10. even more preferably from about 1.5:1 to about 
1:5. one currently preferred formulation of the invention inclu- 
10 aes the mepiquat salt and the water soluble boron salt at a molar 
ratio of mepiquat to boron (calculated based on the mepiquat ca- 
tion and elemental boron) of about 1:1. 

The potentiated mepiquat formulations of the invention can be 

15 provided in various forms, including package, i.e., concentrated, 
and tank mix, i.e.. ready to use. forms, and also in various con- 
centrations and different physical forms. Advantageously, when 
the formulation is a liquid, it includes a mepiquat salt content 
ranging from about 0.01 to about 55 wt. %, calculated based on 

20 the weight of mepiquat cation, and a soluble boron salt content 
ranging from about 0.01 to about 14.5 wt.% of the liquid formula- 
tion, if desired, the formulation can also be provided in the 
form of a liquid slurry in which all or a portion of one or both 
active ingredients is suspended in the liquid, when the formula - 

25 txon is provided in substantially dry or solid form, the water 
soluble boron salt is preferably included in an amount of from 
0.01 to about 20 wt.% of the solid formulation, calculated based 
on elemental boron, and the agriculturally acceptable mepiquat 
salt constitutes from about 0.01 to about 70 wt.% of the solid 

30 formulation. Solid or dry formulations, and slurry formulations 
are typically concentrates that are diluted prior to use. in the 
case of concentrates, the mepiquat and borate active ingredients 
can comprise substantially all of the formulation, e.g. up to ab- 
out 98 wt.%. 

35 

Preferably the formulation is provided in the form of a concen- 
trate in a sealed package. Such packages include glass and pla- 
stic bottles and bottle-like containers, carton containers, pouch 
containers formed of various film, foil, and/or paper materials 

40 or laminates thereof, and like containers as will be apparent, 
in such cases, the concentrate formulation is diluted by the user 
according to label instructions prior to use thereof, so that the 
active ingredients are applied at specified rates, discussed in 
detail below. Typically, a concentrate formulation is diluted in 

45 an amount ranging from about 2:1 to about 800:1 (diluent to con- 
centrate) . 
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Highly preferred concentrate formulations contain mepiquat in the 
form of its chloride salt, i.e., mepiquat chloride, in combina- 
tion with an agriculturally acceptable carrier, preferably a li- 
quid carrier such as water, although solid agriculturally accep- 
5 table carriers can alternatively be used. Advantageously, such 
liquid concentrate formulations comprise a mepiquat chloride/bo- 
ron mixture as an aqueous solution in which the mepiquat chloride 
is present in a relationship to the water soluble boron salt in a 
weight ratio of from 1:2 up to 1:20, calculated based on the 

10 weight of mepiquat chloride and elemental boron. Preferably the 
mepiquat chloride is present in an amount of from about 4 to ab- 
out 5 wt. %, e.g., about 4.2 wt.%, calculated based on mepiquat 
chloride weight (3.2 wt.% mepiquat cation). it is also preferred 
that the water soluble boron salt is present in the concentrate 

15 as dissolved disodium octaborate tetrahydrate. in an amount of 
between about 1 and about 15 wt. %, more preferably, between ab- 
out 3 and about 14 wt. %, calculated based on the weight of the 
complete salt. 

20 in any case, the concentration of mepiquat in the formulation is 
adjusted to provide an application rate of mepiquat of from about 
1 g/acre to about 20 g/acre, calculated based on mepiquat cation, 
for each application, within the parameters of the above ratios, 
the concentration of the water soluble boron salt in the formula- 

25 tion is adjusted to provide an application rate of boron of from 
about 1.5 g/acre to less than 45 g/acre. calculated based on ele- 
mental boron, preferably between about 2 and about 40 g/acre, 
more preferably between about 2.5 and about 35 g/acre, most pre- 
ferably between about 3 and about 25 g/acre. 

30 

For example, a formulation comprising 97.56 wt. % disodium octa- 
borate tetrahydrate (20 wt.% elemental boron) and 0.59 wt.% mepi- 
quat chloride (0.45 wt.% mepiquat cation) comprises a ratio of 
mepiquat cation to elemental boron of 1:45. When this formula- 

35 tion is applied at a rate of 225 grams of the formulation per 

acre, (typically after dilution with an agriculturally acceptable 
carrier such as water) it will deliver 45 grams of elemental bo- 
ron per acre and 1 gram of mepiquat cation per acre. On the 
other hand, a formulation comprising 4.88 wt.% disodium octabo- 

40 rate tetrahydrate (1.0 wt.% elemental boron) and 18.34 wt.% mepi- 
quat chloride (14 wt.% mepiquat cation) comprises a ratio of me- 
piquat cation to elemental boron of 14:1. When this formulation 
is applied at a rate of 43.8 grams of the formulation per acre 
(again, typically after dilution), it will deliver 1.5 grams of 

45 elemental boron per acre and 21 grams of mepiquat cation per 
acre. These two formulations illustrate preferred maximum and 
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minimum label recommended application rates for each of boron and 
mepiquat cation for the formulations of the invention. 

The formulations of the invention can be provided in dry granule 
5 or powder form, as a liquid concentrate or full strength liquid 
in typical concentrate formulations, and in the form for applica- 
tion to plants, the formulation will also include one or more 
agriculturally acceptable diluents as are known in the art, inc- 
luding; in the case of liquid formulations, water, dimethyl sul- 

10 f oxide, n-methylpyrrolidone and various other ketones, aromatic 
and aliphatic hydrocarbon oils, vegetable oils and modified vege- 
table oils such as esterified vegetable oils, alcohols such as 
isopropyl and ethyl alcohol, polyols such as ethylene or propy- 
lene glycols, eaters, and the like; and in the case of solid for- 

IS mulations. various clays, binders, and fillers, such as diatoma- 
ceous earth, attapulgite. and the like, fertilizers such as ammo- 
nium sulfate, ammonium nitrate, and urea, solid polyols such as 
sorbitol, manitol and other sugars, and other solid carriers such 
as salt, dirt, wood-based or other cellulosic particulate materi - 

20 als, and the like. Various other preferred agriculturally accep- 
table carriers are disclosed in the aforementioned U.S. Patent 
No. 4,447,255 issued May 8, 1984 to Schott et al.; and U.S. Pa- 
tent No. 3,905,798, issued September 16, 1975 to Zeeh et al. 

25 In addition, the formulations of the present invention can also 
include other ingredients or adjuvants commonly employed in the 
art, including penetrants, surfactants, crop oils, drift control 
agents, defoaming agents, preservatives, wetting agents, adhe- 
rents, antimicrobial agents, and the like, including mixtures 
thereof, as are also well known in the art and disclosed, for ex- 
ample in the aforementioned U.S. Patent No. 4,447,255 and U S 
Patent No. 3,905,798. 



30 



The plant growth regulator formulations of the invention are ap- 
35 plied to above ground portions of plants, i.e.. by foliar appli- 
cation. Such foliar application can be carried out by various 
conventional methods and apparatus as are well known in the art 
including spraying, atomizing, dusting, boom and hand applica- 
tion, hydraulic nozzle, electrostatic atomizers, spreaders, and 
40 the like. The composition may be applied aerially if desired. 
Desirably, the formulations of the invention are applied in the 
form of an aqueous solution. 

The formulations of the invention can be applied to cotton plants 
45 in a single application, but are preferably applied in multiple 
applications distributed throughout the growing season, wherein 
the timing of application and the concentration of the active in- 
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gradients are varied depending on factors including the species 
and variety of the plant; the development stage of the plant and 
the season of the year; the application locality and site; clima- 
tic conditions, such as temperature, amount of precipitation, and 
5 also length of day and intensity of light; and soil properties, 
including fertilization. It is currently believed that the for- 
mulations of the invention are best applied to cotton plants in 
accordance with the same considerations as are used in connection 
with PIX® plant growth regulator compositions, as discussed in 
10 for example, PXX® Plant Regulator. Official Handbook, 1996, BASF 
Corporation, Research Triangle Park, NC, which is incorporated 
herein by reference. 

As with conventional mepiquat. the PGR formulations of the inven- 
15 tion function to inhibit the vegetative growth of cotton plants, 
which is expressed in particular in a reduction in longitudinal 
growth. Hence the treated plants exhibit a dwarfed growth; and a 
darker leaf coloration can also normally be observed. Among 
other effects, this also makes possible completely mechanized 
20 harvesting of this important crop plant. Because of the relati- 
vely small leaf and plant mass after treatment, attack by various 
diseases (such as fungus) can be decreased as well. The inhibi- 
tion of vegetative growth also makes it possible to space the in- 
dividual plants more closely, making a higher yield for the 
25 acreage possible. 

The terms -potentiate" and "potentiated", are used herein, to 
include both quantitative improvements, and qualitative improve- 
ments such as one or more different plant growth affects or pro- 

30 perties, that result from the combination of active ingredients, 
and are not generally predictable based on the normally expected 
activity of the individual active ingredients. Thus, in some in- 
stances, the formulations of the invention can provide increased 
yields of cotton lint. In many cases the formulations of the in- 

35 vention provide more vigorous, yet controlled, plant development. 
Significantly, the formulations of the invention can also shorten 
the time required for opening of the cotton boll by one day to 
several days or longer, depending on the particular growing sea- 
son, location and weather conditions, and appropriate management 

40 of the cotton crop. 

The following examples are intended to illustrate desirable for- 
mulations and plant growth improvements provided according to the 
invention. However, as will be apparent, they are not intended 
45 as limitations thereon. 
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Cotton plants were treated in five separate locations as follows - 
Louisiana; Mississippi, East Texas; West Texas; and Tennessee, 
in each location, a portion of the cotton crop was used as a con- 
trol portion and no plant growth regulator was applied; a second 
5 portion of the cotton crop was treated with mepiquat chloride 
(FIX® plant growth regulator) which was applied in several treat- 
ments (set forth below) at a concentration of 4.5 g/acre (calcu- 
lated based on mepiquat chloride) , per application, and a third 
portion of the cotton crop was treated with the combination of 

10 mepiquat chloride (PIX® plant growth regulator) mixed with a wa- 
ter soluble boron salt, disodium octaborate tetrahydrate (SOLU- 
BOR®, U.S. Borax , Valencia, CA.) wherein the quantities of mepi- 
quat chloride and boron in the mixture were adjusted to apply me- 
piquat chloride at a rate of 4.5 g/acre (calculated based on me- 

15 piquat chloride), and to apply the disodium octaborate tetrahy- 
drate at a rate of 3.4 g/acre (based on elemental boron). 



20 



25 



30 



The "mepiquat- and "mepiquat plus water soluble boron salt" for- 
mulations were applied three times during the growing season at 
the Louisiana site; four times during the growing season at the 
Mississippi site; four times during the growing season at the 
East Texas site; two times during the growing season at the West 
Texas site; and three times during the growing season at the Ten- 
nessee site. 

Measurements were made at the various sites to determine the 
plant growth regulation effects of the formulations of the inven- 
tion. The following results were obtained, as set forth in Ta- 
bles 1, 2, 3 and 4, below 



TABfrE I 





Measurements of Early Maturity ^ 


Location 


Untreated 


Mepiquat 


Mepiquat + Boron 




Nodes Above White Flower 


TN 


5 




0 




u Percent Open Bolls 


E.TX 


22 


20 


27 




Number of Open Bolls 


LA 


14.6 


11.2 


15.6 


MS 


9.9 


11.9 


11.9 


AVE (LA, MS) 


12.25 


11.55 


13.75 



35 
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45 
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YIELD 



5 


Location 


Untreated 


| Mepiguat 


iMepiquat + Boron 






YIELD, lint lb/A (as % of untreated vield* 




TN — 


725 
(100) 


1 832 
(115) 


924 
(127) 


10 


W.TX 


677 

\ J. W V / 


739 
(109) 


796 
(118) 




LA 


642 
U00) 


(78) 


694 

(108) 




MS 


1186 
(100) 


1310 
(110) 


1269 
(107) 


15 


AVERAGE 


808 


846 

/ 4 AMI 

(107) 


921 

(114) 


TABLE 3 








20 


Plant Height in : 


tnches 








Location 


Untreated 


Mapiquat 


Mapiguat + Boron 




LA 


45. 0 


40.6 


45.5 




MS 


39.1 


30.9 


34.1 


25 


E. TX 


16.9 


15.4 


14.3 




W. TX 


31.4 


28.3 


28.3 




TN 


50.0 


43.0 


36.0 




AVERAGE 


36 


32 


32 



30 



TABLE 4 



Number Main Stem Nodes 



Location 


Untreated 


Mepiquat 


Mep i qua t + Boron 


LA 


19.8 


18.7 


r 20.0 


MS 


24.5 


23.2 


22.9 


E. TX 


13.1 


12.9 


12.7 


W. TX 


21.2 


20.6 


20.2 


TN 


18.0 


17.0 


17.0 


AVERAGE 


19 


18 


19 



35 



40 



Table 1 reports conventional measurements that are used to eva- 

" sur a Ln^ ly matUrity ' AS can be 8ee * £ *™ Table 1, the same mea- 
surements were not made in all locations. Nevertheless, the to- 
tal information obtained from the four locations clearly demon- 



WO 99/09832 PCT/EP98/05149 

13 

strate the Impact of the formulations of the invention in enhan- 
cing earliness of boll opening. Specifically, the "Nodes Above 
White Flower- measurement made at the Tennessee location is a va- 
lidated, direct physiological measurement of earliness. and the 
5 results thereof strongly indicate that the formulations of the 
invention increase earliness. That is, the fact that there are 
zero nodes above white flower associated with the crops to which 
the mepiquat and boron formulation of the invention had been ap- 
plied shows complete maturity of these cotton plants, even though 

10 the two control crops had not yet attained maturity. The results 
of the -Percent Open Bolls- measured at the Bast Texas location 
are a good indicator of earliness, i.e., the greater the percen- 
tage, or number, of open bolls, the greater the maturity. The 
results of the "Number of Open Bolls- measurement made at the 

15 Louisiana and Mississippi locations are consistent with the mea- 
surements made at the Tennessee and East Texas locations. 

In addition, the crops at four of the above locations (all loca- 
tions except East Texas) were observed visually during the period 
20 of boll opening. From the visual observations it was apparent, 
at each location, that the crop portion treated with formulations 
of the invention exhibited open bolls earlier than the crop por- 
tion that was treated with mepiquat, alone, or the portion of the 
cotton crop that was untreated. 

25 

The yield results shown in Table 2 illustrate the trend for for- 
mulations of the present invention to increase yield of lint. 

The height measurements and main stem node measurements shown in 
30 Tables 3 and 4, respectively, demonstrate a generally insubstan- 
tial difference in crop height between plants treated with for- 
mulations of the invention and plants treated with mepiquat 
alone . 

35 
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45 
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Claims 

1. A plant growth regulating product comprising a plant growth 
regulating formulation in a sealed package; 

said formulation comprising an agriculturally acceptable 
mepiquat salt, an agriculturally acceptable water soluble 
boron salt, and an agriculturally acceptable carrier, said 
mepiquat salt and said water soluble boron salt being present 
in said formulation in a ratio of from about 14:1 to 1-45 
calculated based on mepiquat cation and elemental boron; 

and said formulation is used in such a way that the 
application rate for the water soluble boron salt is above 
1.5 g/acre and less than 45 g/acre, per application. 

The plant growth regulating product according to Claim 1 
wherein said agriculturally acceptable water soluble boron 
salt is selected from the group consisting of boric oxide 
borax, boric acid, disodium octaborate tetrahydrate, borax 
decahydrate, sodium borate, and borax pentahydrate. 

The plant growth regulating product according to Claims 1 to 
2 wherein said agriculturally acceptable water soluble boron 
salt is disodium octaborate tetrahydrate. 



4 . 



The plant growth regulating product according to Claims 1 to 

3 wherein said agriculturally acceptable mepiquat salt is 
30 mepiquat chloride. 

5. The plant growth regulating product according to Claims 1 to 

4 wherein said ratio of said mepiquat salt to said water 
soluble boron salt, calculated based on mepiquat cation and 

JS elemental boron, is less than about 1:20. 



6. 



40 7 



The plant growth regulating product according to Claims 1 to 

5 wherein said formulation is a liquid. 

The plant growth regulating product according to Claims 1 to 

6 wherein said formulation comprises between about 1 and 
about 15 wt. % of said water soluble boron salt, calculated 
based on the complete weight of the boron salt. 
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8. The plant growth regulating product according to Claims 1 to 
7 wherein said formulation comprises from about 0.01 to about 
55 wt. % of said agriculturally acceptable mepiquat salt, 

s calculated based on the weight of mepiquat cation. 

9. The plant growth regulating product according to Claims 1 to 
5 wherein said formulation is a solid. 

10. The plant growth regulating product according to Claim 9 

10 wherein said solid formulation comprises from about 0.01 to 
about 20 wt. % of said water soluble boron salt, calculated 
based on elemental boron. 



15 



11. The plant growth regulating product according to Claims 9 to 
10 wherein said solid formulation comprises from about 0.01 
to about 70 wt. % of said agriculturally acceptable mepiquat 
salt, calculated based on mepiquat cation. 

12. The plant growth regulating product according to Claims 9 to 
20 11 wherein said solid formulation comprises from about 0.01 

to about 9 5 wt. % of an agriculturally acceptable carrier. 

13. The plant growth regulating product according to Claims 9 to 

12 wherein said agriculturally acceptable carrier is a 

25 material selected from the group consisting of clay, diatoma- 

ceous earth, attapulgite, ammonium sulfate, ammonium nitrate, 
urea, solid polyols. salt, dirt or a cellulosic-based 
particulate material. 

30 14. The plant growth regulating product according to Claims 1 to 

13 wherein said formulation is applied to cotton. 



15. 

35 



The plant growth regulating product according to Claims 1 to 
14 wherein said formulation is used in such a way that the 
application rate of said agriculturally acceptable water 
soluble boron salt is between about 2 and about 40 g/acre, 
per application. 

16. A plant growth regulating product comprising a plant growth 
40 regulating formulation in a sealed package; 

said formulation comprising an agriculturally acceptable 
mepiquat salt and an agriculturally acceptable water soluble 
boron salt, said mepiquat salt and said water soluble boron 
45 salt being present in said formulation in a ratio of from 




10 
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about 5:1 to 1:20, calculated based on the mepiquat cation 
and elemental boron; and 

said formulation is used in such a way that the application 
5 rate for the water soluble boron salt is above 1.5 g/acre and 

less than 45 g/acre, per application. 

17. The plant growth regulating product according to Claim 16 
wherein said ratio of said mepiquat salt to said water 
soluble boron salt is from about 2:1 to about 1:10 
calculated based on the mepiquat cation and elemental boron. 



15 

19 



18. The plant growth regulating product according to Claims 16 to 
17 wherein said agriculturally acceptable mepiquat salt com- 
prises mepiquat chloride. * 



20 



The plant growth regulating product according to Claims 16 to 

18 wherein said formulation comprises between about l and 
about 15 wt. % of said water soluble boron salt, calculated 
based on the complete weight of the boron salt. 

20. The plant growth regulating product according to Claims 16 to 

19 wherein said solid formulation comprises from about 0 01 
to about 20 wt. % of said water soluble boron salt, 

25 calculated based on elemental boron, and wherein said water 

soluble boron salt is selected from the group consisting of 
boric oxide, borax, boric acid, disodium octaborate tetra- 
borate, borax decahydrate, sodium borate, and borax pentahy- 
drate. v 



30 



21. 



35 22 



The plant growth regulating product according to Claims 16 to 

20 wherein said instructions on said package include instruc- 
tions for application of said formulation to cotton. 

The plant growth regulating product according to Claims 16 to 

21 wherein said instructions on said package comprise 
instructions for application of said formulation such that 
said agriculturally acceptable water soluble boron salt is 
applied to cotton at a rate of between about 2 and about 40 

«o g/acre, per application. 

23. The plant growth regulating product according to Claims 16 to 

22 wherein said agriculturally acceptable water soluble boron 
salt is disodium octaborate tetrahydrate. 

45 



WO 99/09832 PCT/EP98/05149 

17 

24 . a method for regulating growth of plants wherein a plant 

growth regulating formulations according to Claims 1 to 23 is 
applied to the foliage of the plants. 

5 25. The method according to Claim 24 comprising the steps of; 

providing a concentrate comprising said agriculturally 
acceptable mepiquat salt and said agriculturally acceptable 
water soluble boron salt; and 

10 

diluting said concentrate to form said formulation. 
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